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NOMENCLATtJRE 

Indicated pitch angle, deg 

Width of wedge, 1S in. (see Fig. Sb) 

Center of rotation, axial station along the 
tunnel centerline about which the model rotates 
in pitch, in. 

Distance measured from downstream edge of cutout; 
positive downstream (see Figs. 3b and c)' 

Gardon gage output, mv 

Gardon' gage number 

Heat-transfer coef~icient derived from previous 
calibration tests 

-4 ' ~4 
H(FP) = 2.198 x 10 x WA + 3.67 x 10 , 

Btu/ft
2
-sec-oR (see Appendix III) 

Heat-transfer coefficient based on TT, 
2 QDOT/(TT-TW), Btu/ft -sec-oR 

Enthalpy based on 1'T, Btu/Ibm 

Gardon gage tempeLcture calibration factor, 
oR/my 

Total length of wedge, 41.S in. (see Fig. Sb) 

Free-stream Mach number 

Dynamic viscosity based on free-stream 
, 2 

temperature, lbf-sec/ft 

Free-stream static pressure, psia 

P;icture number 
:; 

Tunnel stilling chamber pressure, psia 

Free-stream dynamic pressure, psia 

2 
Heat-transfer rate, Btu/ft -sec 

Calculated heat-transfer rate based on O°Fwall 
temperature, (i.e., TW = 460 0 R), Btu/ft2-sec' 
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1 .0 INTRODUt.:TION 

The work reported herein was conduc.:ed by the Arnold Engineering 
Developmer.t Center (AEDC), Air Force Syb~ems Command (AFSC), under 
Program EI~~ment 921 E02, Control Number 9E02 at the request of the, 
National Aeronautics and Space Administration (NASA), Marshall Space 
Flight Center (MSFC), Huntsville, Alabama for the Martin Marietta 
Corporation (Michoud Operations), New Orleans, Louisiana. The Martin 
Marietta Corporation proj ect engineer war3 Mr. T. L. Click, and the 
NASA/MSFC project managers were Mr. John Warmbrod and Mr. F. D. Bachtel. 
The results were obtained by Calspan Field Services Inc./AEDC DivisioT1, 
operating contractor for the aerospace flight dynamics testing effort at 
the AEDC, APSC, Arnold Air Force Station, Tennessee. The tests were 
conducted in the von Karman Gas Dynamics Facility (VKF) , under AEDC 
Project No. C342VC. 

The objective of this test was to investigate the survivability of: 
the External Tank Thermal Protection S),Atem (ET-TPS) in areas where 
nebonding and insulation tear-out has occurred. The response of the 
Lightning Protection System to the test environment was also evaluated .. 

The tests were conducted in the 50-in.-diam Hypersonic Wind Tunnel 
(C) at the VKF on March 5, 1981. Data ,,1ere recorded at Mach number 1 (' 
with tunnel stilling chamber conditions of 1750 psia and 1440°F. The 
nominal wedge angle (WA) varied from 5.0 to 23.5 deg' to produce local 
cold-wall heating rates ranging from -2 to 10 Btu/ft2 sec. 

All test data including deta,iled logs and other inf.ormation required 
to use the data, have been transmitted t'J Martin Marietta. 

Inquiries to obtain copies of the test data should be directed to 
NASA/MSFC/ED33, Marshall Space Flight Center, Huntsville, Alabama 35812. 

,A microfilm record has been retained in ~he VKF at AEDC. 

2.0 APPARATUS 

2.1 TEST FACILITY 

Tunnel C (Fig. 1) is a closed-circuit, hypersonic wind tunnel with 
a Mach number 10 axisymmetric contoured nozzl~ and a 50-in.-diam test 
section. The tunnel can be operated continuously over a range of pr~s­
sure levels from 200 to 2000 psia with air supplied by the VKF main 
compressor plant. Stagnation temperatures sufJicient to avoid air 
liquefaction in the test section (up to 2260 0 R) are 'obtained through the 
use of a natural-gas-fired combustion heater in series with an electric 
resistance heater. The entire tunnel (throat, nozzle, test section, and 
diffuser) is cooled by integral, external water jackets. The tunnel is 
equipped with a model injection system, which allows removal of the 
model from the test section while the tunnel remains in operation. A 
description of the tunnel may be found in Ref. 1. 
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2.2 TEST ARTICLE 

A photograph of a typical test specimen is shown in Fig. 2. The 
specimens were basically flat insulatioDpanels consisting of a O.13-in. 
aluminum support plate covered with a O.6-in. layer of super light 
ablator (S'!:..A, 1'1at '1' SLA-561) and a O.75-in. layer of spray-on foam 
insulator (SOFI, Mat'l CPR-488). To simlliate different degrees of insu­
lation damage a hole was cut through the insulation on each panel and 
the SLA and SOFI were removed. Circular and rectangular hole shapes 
were used , . .,ith dimensions as shown in Fig. 3. Two of the panels were 
modified to include Gardon gages in the ~ut-out area as shown in Figs. 
3band c. 

The test panels for the Lightning Protection System were fabricated 
in the same manner as the others but witL the insulation left intact. 
Strips of conducting paint of different thicknesses were placed on tr~ 
foam as shown in Fig. 4. 

Each ~:est specimen was identified by a code defined by Martin Marietta. 
This was converted to a four-digit configuration code which could thfn 
be input to the Tunnel C data system. These codes are defined in 
Table 1. The insulation panels were attached to the VKF materials wedge 
for testing as shown in Fig. 5. Insta:lation of the wedg~ in Tunnel C 
is illustrated in Fig. 6. . 

-2.3 TEST INSTRUMENTATION 

The instrumentation, recording de",rices, and calibration methl)ds 
used to measure the primary tunnel and test data parameters are listed 
in Table 2a along with the estimated measurement uncer"talnties. The 
range and estimated uncertainties for primary parameters that were 
calculated from the measured parameters are listed in Table 2b. 

A variety of cameras were used to record the test results. ColoY 
motion pictures (2 cameras) and pre- and posttest color stills recorded 
ariy changes "in the samples. The movie cameras were 
operated at frame rates of 24 fps (see Table 3). A shadowgraph still 

"was taken for each run to aid in visuali~dng the shock "ave patterns 
and flow directions about the protuberances. A black and white video 
tape waS alsQ made for general coverage during the test. 

The Gardon gages used in the two instrumented panels were a special 
high-temperature type, O.25-in. in diameter, with a O.OlO~in.-thick sensing 
disk. Each gage had a Chromel®-Alumel® thelTIOCouple to provide the gage 
edge temperature. These temperatures, together with the gage output, 
were used to determine" the gage surface temperatures and corresponding 
heat-transfer rate, which was then used to calculate the local heat­
transfer coefficient. 
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3.0 TEST DESCRIPTION 

3.1 TEST CONDITIONS 

A surrmary of the nominal te~t condition is given D~iow~ 

M 

10.10 

PT, psia 

1750 

TT oR 
! 

1900 
~-#ia 

0.038 

A test summary showing the (!'(\ffif!gUl ation~ tEh'H:eti and 'tfre Vglf&t;i~~ 
for each is presented in Table 4. 

3.2 TEST PROCEDURES 

In the VKF continuous flow wind tunnels (A, :8; C); fhe iirb'dei is 
mounted on a sting support mechanism in an installation tank d±r~ttly 
underneatl-, the tunnel test section. The ~tank is separated fibni tii~ 
tunnel by a pair of fairing doors and a .~afety d06r. ~llien Closed; , 
the fairing doors, except for a slot for the pitch sector; Eo~er th& 
opening to the tank and the safety door seals the tuilnei :rrbill tii~ tar!k 
area. After the model is prepared for a data run~ the personnE!l .iittess 
door to l,he installation tank is closed, the tank is vented to, th~ 
tunnel flew, the safety and fairing dOOl S are opei1ed; the model is 
inj ected lnto the airstream, and the fairing doQ.YS ate Closed; itEter 
the data are obtained, the model is retracted into the tank &nd th~ 
sequence is reversed with the tank being vented to alfuosphere to allow 
access to the model in preparation for the next rUh. The sequen~e i5 
repeated for each configuration change. 

The required local flow conditions over the insuiation spetiffien 
are produced by attaching the panel to a large wedge. The oBli~ue 
shock wave generated by the -wedge reduces the free-stream Mach nut1ber 
to the desired local Mach number. Since the free=sti'eam Each11uihb'er 
is 'fixed, the local Mach number is varied by pitching the weage~ tJith 
the free-stream Mach number and the wedge angle defined; El1~ Pt~~~U~'e 
and temperature ratios across the shock waVe are established~ Th'e 
pressure and temperature along the wedge surface can then be set as 
desired by adjusting the tunnel stilling chamber pressure and tempera­
ture. A complete description of thiS tEchnique as used in Tunnel C 
is given in Ref. 2. 

For this particular test the instru,nented panels posed somewhat of 
a problem. Normally the gages '''QuId have been installed in a nonablat­
ing panel. In this instance, because of time constraints in the test 
preparation phase, the gages 1"ere simply added to two of the insulation 
specimens. As indicated in Table 4, during Run 1 the wedge, with instru­
mented panel 029-03, was pitched in the tunnel to obtain data at three 
nominal heating rates: Ablation of the SOFI was such that when the 
third data point was obtained the panel configuration was significantly 
altel;'ed. In an attempt to correct this situation the second instrumented 
panel (030-07) was tested j.n three short injections (Runs 2, 3 and 4). 
Although this did not eliminate the problem, a more stable cavity shape 
was achieved. 

6 



/" 
t .~ 
~ 

'(' I, __ ~ 

-:;:-: .... -

3.3 DATA REDUCTION 

• Measl'red stilling chamber pressure ,'lnd' temperature- and the cali­
brated test section Mach number are used to compute .the'fI'ee-stream 
parameterp_. The equations for a perfect gas: isen-tropic:--expansion from 
stilling' chamber to test section are modified to: ace'ount for rea1:-gas 
effects. 

Dat9- measurements, obtained from the Gardon gages ,.- are-gage output 
(E) and gage edge temperature (TGE). The .g.ages:are.dire-c.t-:-:.r:eading heat­
flux transducers, and the gage output isconyerted ·to~ne:ating ~ rate by 
means of a laboratory--calibrated gage s(~nsi:tivity (S1). -:-. -The sensith'ity 
has been found to be a function of gage temperatu-re~and-therefore must 
be corrected for gage temperature changes, 

82, ;: S 1 f (TGE) (1) 

Heat flux to the gage is then calculated :f:o:r -:.each: data :point by the £(1-
lowing equation: 

QDOT = E/S2 (2) 

The gage wall temperature used in computing :tlle_gage- Jteat~t-ransfer CD0f­

ficient is obtained from two measuremen;,:s '- :the ··ou-tP1lt :0£ - the gage edge 
thermocoup.le (TGE) and the temperature dif:f:erence :(l~GJ2EL) ~ fr~m the gage 
center to, its edge. TGDEL is proportiohal ::t:o :.the~gage .QutpuL" E, _and is 
calculated by 

TGDEL = (KG)(E) (3) 

The gagE:' wall temperature is then cQmputed as 

TW;: TGE +' 0.75 TGDEL . (4) 

where the facto.r 0.75 represents the average :Qr :.integrated _value __ across 
the gage. 

The VKF standard Gardon gage data reduct_ion procedure .was u.sed t'J 
compute model local heat-transfer coefficients. The-pro.cedure averat:es 
five consecutive samples of gage output, (E) commencing with the data 
loop recorded at least one second after the mo.delarrives at tunnel 
centerline. The average output is then compared to 'each individual 
reading used in the average to check for "wild" points. If thein­
dividual readings differ from the calculated average by more than ±2 
percent or ±15 counts, whichever is larger, an asterisk (*) is printed 
next to the tabulated value of QDOT. The gage edge temperature (TGE) 
was averaged in the same manner with ±5 deg allowable deviation from 
the average. 
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The heat-transfer coefficient" fot c:ach gage was computed usIng the 
following equation: 

QDOT 
H(TT) = iTT - TT-J) (5) 

The heat-transfer coefficient calculated from Eq. (5) was normalized 
using a predicted value, H(FP), for a flat plate without'the cutout in 
the insulation. This value was taken f,Yom previous calibration test 
data on the same wedge model. The evaluation of H(FP) is discussed in 
Appendix III. 

'I 

QDOT-O is the heat flux calculated when the gage wall temperaturR 
(TW) is as~umed to be 460 o R. It is computed using the following equation: 

QDOT-O = H(TT)(TT - 460) 

3.4 UNCER: 'AINTY OF MEASUREMENTS 

In general, instrumentation calibrations and data uncertainty 
estimates Ivere made using methods recognized by the National Bureau of 
Standards (NBS). Measurement uncertainty is a coniliination of bias and 
precision 2rrors defined as 

U = ±(B T t
95

S) 

where B is the bias limit, S is the sample standard devi&tion, and t95 is 
the 95th percentile point for the two-tailed Student's "t" distribution 
(95-percent confidence.interval); which for sample sizes greater than 30 
is taken equal to 2. 

Estimates of the measured data uncertainties for this test are 
given in Table .2a. The data uncertainties for the measurements are 
determined from in-place calibrations through the data recording system 
and data reduction program. 

Propagation of the bias and preclslon errors of measured data 
through the calculated data was made in accordance with Ref. 3, and 
the results are given in Table 2b. 

4.0 DATA PACKAGE PRESENTATION 

A complete set of all photographic data and tabulated data for 
this test has been provided to Martin Marietta Corporation. Photo­
graphic data wbich ~howed significant testing results and a complete 
set of tabulated data have been prOVided to NASA/Marshall Space Flight 
Center/ED33, Huntsville, Alabama .. All test specimens for this test 
have been returned to the Martin Marietta Corporation. . 
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A representative posttest photograph is shown in Fig. 7. This 
is the same test panel shown in the pretest photograph in Fig. 2. 

A typical data plot is shown in Fig. 8. The hea-t-transfer coef­
ficient at the bottom of the cut-out is plotted versus the distance 
from the trailing edge of the cutout. Since the nature of the test 
was such that the specimens were altered by the flow, it was not 
possible to obtain data on repeat runs. However, the gage data were 
observed to be well behaved, which lends confidence to the conclusioD 
that the data quality was very good. 

Because of the problem, discussed in Section 3.2, of the insulation 
ablating around the cavity, the heat-transfer data obtained in this 
test cannot be considered as an exact description of the heating at -the 
bottom of l'ound and rectangular cavities. However, the data did provide; 
as intended, an :i,.ndication of the heat load whic.h might be imposed on 
the substrate because of cavities formed where insulation was lost. 

Samples of the tabulated data from the calibration and materials 
specimen tuns are presented in Appendix IV. A copy of all data except 
photograpts has been retained on microfilm at AEDC. 
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Figure 5. Concluded 
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50-INCH HYPERSONIC TUNNELS'· C 
SCALE-I/S 

~:-..... 

STA.SS.923 
i 

MATERIAL SAMPLE 

WEDGE' 
VCl1l830 

I 

$1 +---

.p Su*ORT 
"l VC1l317 -4 & -6 ·.C· 

SOCKET 
" .06-Z-11-039 
L-6.0 3303083 

EXTENSION' 
4.06-Z-31-025 
L-6.67 3302307 

NASA/MMC ET-!lEBO,,1) :ES~ (V42C-26) 

b. Inst~llation Sketch 

Figure 6. Concluqed 

tOONEL. WAL.L. 

-EXTENSION 
4.06-Z-31-026 
L-4.77 3302307 

ELBOW (28°) 
4.06-Z-32-011 
L-1.873/1.873 

ROLL HUB 
STA.O.OO 

I 

vyl09990 

EXT~NSION 
4.0 -Z-31~024 
L-6 0 VYI09420 

IIII I 

IIIUL--J~ 

EXTENSION 
4.06-Z-31-030 
L-2.75 VYI09424 

STEP-DOWN 
4.06-Z-02-006 
L-4.073 3302771 

3303982 

TUNNEL_¥j~~ 

-I, 
: 





~ 
w 

PT = 1750 psia 
TT = 19000 R 
o Sample 030-7 10-in. -diam cutout, 

WA=13.98 TIMEEXP = 4.03 
o Sample 029~3 10 x 12 in .cutout 

WA=13.98 TIMEEXP = 2.23 
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Figure 8. Representative Heat-·transfer Coefficient Data 
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TABLE .1 

Model Identification and Configuration Codes 

Martin Marietta Identification Code 

xxx - xx 

I I-SERIAL 

029 
030 
039 
040 
000 

EXAMPLE 

NUMBER 

10"x12" cutout 
lO"-diam cutout 

8"-diam cutout 
5"-diam cutout 

No Cutout 

029-03 = 10" x 12ft cutout Serial No.3' 

VKF Configuration Code 

xxxx 

.

1 T SERIAL 

04 

EXAMPLE 

03 
02 .. 
01 
00 

NUMBER 

10" x 12" cutout (029) 
lO"-diam cutout (030) 

8"-diam cutout (039) 
5"-diam cutout (040) 

No Cutout (000) 

..... 

0403 10" x 12" cutout Serial No. 3 (029~3) 

25 
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Parameter 
Designation 

STILLING CHAMBER, 
PRESSURE, PT, psia 

TOTAL TEMPERATURE, 
TT,oF 

PITCH ANGLE, ALPHI 
. 

-
TIME 

HEAT T~NSFER,QDOT, 
BTU/it -sec 

Emv 

TEMPERATURE,TGE,vF 

! 

TABLE 2. ESTIMATED UNCERTAINTIES 

B. 2aslc Measurements 

STEADY-STATE ESTIMATED MEASUREMENT* 
Precision Index Bias Uncertainty 

(S) (B) HB + t95S) 
I ... .... Q) 

Range 
.... bII .... ., o e .... "" '". ., ... bII 0 ... 0 ...... 0 e " 0 ....... e e 

"'0 .. .... " e 
e e " ... Q) .... " e ., ........ "'tIle .... tIl., " " " .... '0 ... tIl" ""''0 ...... 13 ,,0'0 .... '" Q) ... ° .. ...... 13 ... '" "'0" 

e '" ... '" c '" 13 
" " e " ~t: " " " " =>"l 
0, ..: =>:a 0, ..: =>:>1 

0, ..: 

0.002 >30 0.011 0.015 <:5.5 
0.002 >30 (0.2% + 0.004) <: 15 
0.007 730 (0 2% + 0.014) <60 
V.b" 731T V.IS {(J.lSpS[,-:;· 1.24psl ;. l5S":ZS-Z-

2.04 500 
0.62 ,.30 0.16 (0.15% + 1.24psi) ;>500£2500 

--- .--.~----

1 730 2 4 32 to 530 
1 730 0.375 ±( •. 375% 

+2oF) 

0.025 ,.30 0.05 15 
I 

• 
5xlO-4 >30 Runtime(sec)x5x +RuntGme(se§)X5x ms to 365 

10-6 10- ) +10- days 

0'.015 :>3.0 2 (0.03 + 2%) "'-I 
1-5 ,30 2 5% 1 to 10 

0.1 ,30 0.01 (0.2% + 0.01) . 
1 >30 2 4 32 to 530 
1 :>GO 3/8% (3/8% + 20 Fj 530 to 

2300 

, 
-

Type of Type of 
Measuring Device Recording Device 

Bell & Howell forc Digital data acquisl 
balance pressure t ion s.ystem ana log-
transducer to-digital converter 
Wi:i nck 0·";31'1"3:);1:,,-
reluctance pressur 
transducer 

Ch~;melR~AlumelR Doric temperature 
thermocouple instrument digital 

mu It ip lexer 

Potentiometer 

-' 

Systron Donner Digital data. acquisi 
time code generato tion system 

Gardon gage Digital data acquisi 
tion system analog-
to-digital converter 

DEC-IO/Multiverter . 
Preston amplifier 

CrAl thermocouple 

-
• Tbompson, J. W. and Abernethy, R. B et a1. ·'i!".n_<l>ook Uncertainty 1n Gas Turbine V'!a,,·:relll'Onts." AEDC-TR-73.':' (!'.1) 755356), February 1973. 

GC-IZO (V61) 

Method of 
Systel' 

Ca libra tion 

In-place application 
of multiple pressure 
levels measured with 
a pressure measuring 
device calibrated 
in the standards 
laboratory 

-, -" 

Thermocoup le verif i-
cation of NBS con-
formitylvoltage sub-
stitution calibratic 

- - ------ ------
Heidenhain rotary 
encoder ROD700 
Resolution: 0.0006 0 

Overall accur~cy . 
'0.001 0 

---~- - - --._-- --- .-------
Instrument lab cali-
brat ion against 
Bureau of Standards 

Radiant heat source 
and secondary 
sta:! dard 

MiU'ivolt standard, 
referenced .to lab 
standard 

---



"\ 

TABLE2. Concluded 
b. Calculated Parameters 

STEADY-STATE ESTIMATED MEASUREMENT· 
Precision Index Bias Uncertainty 

(5) (B)' ±(B + t9SS) 
Parameter I ..... 

be .... " ...." Designation +' be 
.... " o e +' 

" " Ok+' 0 " " Ok+' .. be 0 .. 
QI .... " " "'0 " .... " " " " ,,+' Range u ... '0 .... "''' " " u ..... 'O .. III" " ........ .... III" 
"0« ...t C'C e' .. Ql kO" ...... s uo", ~~Q) 

" " " " t't QI " " " k .. " "s 
'" 0: ;:>:>1 '" 0: ;:>:>1 QI " ;:>;s 

0 '" 0: 

H(TT),BTU/ft2-sec_oR 2.0 30 2.0 6.0 
.. _--

0+ 1>1 O.OOB 30 0.016 2.0 
0.007 30 0+ 0.014 10.02 
0.006 ·30 0+ 0.012 10.05 
0.004 30 0+ . O.OOB 10.11 

QDOT-O,BTU/ft2-sec 2.0 30 2.0 6.0 
TW,oR 0.2 " 30 0.4 0.8 All 
WA,deg 0.05 30 0+ 0.10 All 

.-

" J 

.. ' . . '.. " 

\ 

-----.-1 "Abernethy, R. B. et al. and Thompson, J. W. "Handbook Uncertainty in Gag Tu.'bUie Measurer.lents.' 
+AEDC-TR-73-S (AD 755~56), February 1973. 

AssulDed to be zero 

. ---'--'r--r~ -- -'-:-r-;::--
'(''';\'' .~ •• y, , -

.~ __ A<>9_ 

--.,. -.- ••• ----.--.----•• ---:-""1"":'0-....... "~ .... -, .. 't'"'T~l""~ ... •• ~ •• j, •• _ ..... _,,~. 

I , 
1-, 
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~ 
00 

Camera 1 

Camera 2 

Camera 3 

Camera 4 

~--

Camera 5 

Camera Type 

Varitron 70mm 
color still 

Milliken 16mm 
color movie 

Milliken 16mm 
color movie 

-

Varitron shadow-
graph still 

--
Sony black/white 

I videocamera 

".~ , 

~ 

TABLE 3. Camera Summary 

Frame Rate Camera Locatio'=' 

1 per 2 sec Top upstream 'window 
of 2-port window 

24 Top upstream window 
of 2-port window 

24 Oper:lting side 
upstream window 

---- --- .. _--._------- -- .. _-_. ----
1 per 25 sec . Operating side 

downstream window 

N/A Top forwa::"'d window 
of 2-port window 

, \ 

.. 

L. Sample View 
Film ! 

Roll No. 
---
~-

Top view of sample 0819 
on centerline with 
projected grid lines 

i 
. -.---- .---

Top view of sample 4372 
on centerline with 4373 
projected grid lines 

--_._-- --_._-----_. 

Left side view of 4374 
forward portion of 4375 
sample on center-
line 

_. ----_._ .. "-_._-- .. _-----
Left side view of 0795 
sample and wedge 
on centerline 

~op view ::;,f sample 



( . 

PT 

RUN 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

~l 

- 12 

13 

14 

15 

I 16 

17 : 
l 

18 

19 

20 

I 21 

1750 PSIA 

TABLE 4. Test Summary 

TT = 1900'1l 

-

MODEL I.D. CONFIGURATION 
CODE 

029-03 0403 

030-07 0307 

~ ~ 
029-04 0404 

029-02 0402 

029-01 0401 

030-05 0305 

030-06 0306 

030-08 0308 

039-09 0209 

039-10 0210 

039 .... 11 0211 

039-12 0212 

040-13 0113 

040-14 0114 

040-15 0115 

040-16 0116 

000-17 0017 

000-18 0018 

000-19 0019 

I 

I 
I 

I 
I 
i 
I 
I 

~.----' .--~ 

WEDGE TIME APPROX 
ANGLE EXPT Q-DOT-O 

\ 

37.03 :s; -
14 2 .74 6 

19 2.78 8 

23.4 14.22 10 

14 24.19 6 

19 1,9.93 8 
~-! ,)C --------

23.4 15.33 10 

14 32.25 6 

19 2.1.31 8 

23.4 16.59 I 10 

14,\ 31.98 6 

19 -~ 22 .62 I 8 

23 .4 1,6.55 I 12 

5 30 .84 1",,2 

14 ~\.! ~_~ 30 .84 ! 6 \" 
I 

19 21.25 I 8 

23.4 
i 

17.13 ! 10 

5 32.34 2 

19 33.47 8 

19 33.31 8 

19 ttl 22.48 8 
\, 

NOTES: 1. See Table 1 for model identification and configu4 
ration code summary. 

2. The approximate QDOT level is based on previous 
calibration data. 

3. Wedge angle was varied on Run 1. See text (Sec­
tion 3.2) for explanation. 

I I \~ 
'" 

29 
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APPENDIX'III 

REFERENCE HEAT-TRANSFER COEFFICIENT 

. In p~resenting heat-transfer coefficient results it :j.s convenient 
to use refErence coefficients to normalize the data. For this test 
the heat-transfer measurements obtained at the bottom of the cavities 
were normalized using the heat-transfer coefficient which would have 
been expected on a flat panel in the absence of the cavity. The valuA 
of the re~:erence heat-transfer coefficient was obtained from flat-plate 
calibration data obtained with the same wedge during previous tests at 
the same conditions in Tunnel C.* Since the tunnel conditions are the 
same the heat-transfer coefficient at a given location on the panel is 
a function only of the wedge angle. A location of X = 29.5 was chosen 
as being representative of the region where the cavities were cut in 
the panels for this test. Then, from toe calibration data, the flat·­
plate refe~-ence heat-transfer coefficient was determined to be 

-4 -4 2 H(FP) = (2.198 x 10 ) (WA) + 3.67 x 10 Btu/ft sec-oR 
' .. 

~Stallings, D .. W. "Space Shuttle External Tank Instrumentation Evaluation." 
AEDC-TSR-79-V11, February 1979. ---.~-----

30 
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ARrIN/CALSPAN FIELD SERVICES, INC. 
AEDC DIVISION 
VON KARMAN GAS DYNAMICS FACILITY 
ARNOLD AIR FORCE STATION, TENNESSEE 

, NASA/NNC ET TPS DEBONO TEST 
PAGE 2 

RUN SAMPLE 

029- 3 

\ 
----.~---

M PT 
PSIA 

10.10 1749.99 

TT 
DEC R 
189B.7 

'I' 
DEG R 

93.5 

ALpHI WA 
IlEG DEG 

-2.06 14.06 

P Q 

PSIA PSIA 
3.796E-02 2.10 

GARDON GAGe: DATA AT TIMEEXP 
GAGE X/L YlB TGF. T\'! ODUT 

< .• ,,' 
J; , ;: • " " / ~ '" • .'... • I,: :. ';( . 

.-,--- ... --.... -.:..--..... ~.-~--..:...:.-,-' -' ~---~ .. , ... ,.-- ,.". ...... -..... --~-'''--' 

\ 
\ 
\ 

eft TlMEINJ TIMECL TIMEEX,PT 
IN SEC HOUR ~IUI SEC MSEC SEC 

25.00 2.806 i 20 5B 143 37.03 

V RHO m1 RE ITT 
FT/SEC LBM/f'T3 LBF-SEC/FT2 FT-1 BTU/LBM 
4786.1 1.093E-03 7.524E-08 2.161E+06 4.779E+02 

4.03' SEC WA 13.98 DEG 
H(TT) H(TT)/H(FP) ODOT-O 

DATE COMPUTED 
TIME COMPUTED 
DATE RECORDED 
TIME RECORDED 
PROJECT' NUMBE~ 

H(FP) 
(DF;G R) (DEr. R) (BTU/fT2-SEC) CBTU/FT2-SEC-R) (BTU/FT2-SEC) {BTU/FT2-SEC-R} 

1 0.64 0.00 544.2 552.5 2.40 1.780E-03 5.113E-Ol 2.561E+00 3.441E-03 
2 0.71 0.00 544.2 553.3 2.54 I.A90E-03 5. 492E-0 1 2.720E+00 3.441E-03' 
3 0.16 0.00 5';4.8 569.5 3.26 2.456E-03 1.13AE-Ol 3.535£+00' 3.44IE-03 
4 0.81 0.17 5';0.9 581.0 b.97 5.290E-03 1.537E+00 7.612E+00 3.441E-03 
5 0.81 0.00 550.7 575.3 5.92 4.472E-03 1.300E:+00 6.436E+00 3.441£-03 
6 O.Rl -0.17 550.9 584.4 8.19 6.730E-03 l.allE+OO 8.965E+OO 3.441 E:-O 3 
7 0.84 0.00 572.1 600.1 7.90 6.082E-03 1.768F.+00 8.753E+OO 3.H1E-03 

G~RDON GAGE DATA AT TIMFF.XP 7.43 SEC ~;A 13.97 DF.G [),:), GAGE X/L YlS TGE Ti<I (lOOT HCT'f) H(TT)/H(FP) 000'1'-0 Hef'P) 

1 0.64 0.00 
2 0.71 0.00 
3 0.76 0,00 
4 0.81 0.17 
5 O.BI 0.00 
6 O.Bl -0.17 
7 0.84 0.00 

GAGE X/L YlB 

1 0.64 0,00 
2 0.71 0.00 
3 0.76 0.00 
4 0.81 0.17 
5 0.81 0.00 
6 0.81 -0.17 
7 0.84 0.00 

(DF;G R) (flEG R) (BTU/f'r2-SEC) (BTU/n:;:-SEC-R) 
567.1 580.2 3.77 ::<.S62E-03 8.327E-ul 
567.1 576.B 2.11 2.048r~-03 5.951E-Ol 
5B2.4 597.2 3.27 2.512E-03 7.31J8E-Ol 
5B3.2 598.4 3.52 2.70oE-03 7.873E-Ol 
583.1 595.8 3.00 2.3491:-03 6.835E-Ol 
583.2 '596.6 3.28 2.5221'.:-03 7.337E-Ol 
618.4 628.9 2.95 2.321E-03 6.752E-Ol 

GARDON GAGF. DATA ~T TIMEEXP 10.93 SEC w"," 14.57 DEG 
'l'GE: TW OOOT H(TT) 

CDF:G R) (DEG R) 
592.9 608.2 
592.9 604.4 
611.4 629.3 
60R.7 622.0 
611. 4 626.5 
608.7 625.1 
641.4 649.5 

. 
(BTU/F'T2-SEC) (BTU/FT2-SF.C-R) 

4.43 3"436E-03 
3.21 2.483E-03 
3.96 3.119t:-03 
3.06 2.396E-03 
3.64 2.85BE-03 
3.99 3.135E-03 
2.28 1.828E:-03 

a. Gardon Gage Data 

Sample 1: Sample Data 

H(TT)/HCFP) 

9.532E-Ol 
6.888E-Ol 
8.651E-Ol 
6.646E-Ol 
7.929E-Ol 
8.697E-Ol 
5.069E-Ol 

(BTU/F72-SEC) (BTU/FT2-SEC-R) 
4.118E}OO 3.437£-03 
2.946E+OO 3.437E-03 
3.614£+00 3.437E-03 
3.894E+00 3.437£-03 
3.38IE+00 3.437E-03 
3.629F.+OO 3.437E-03 
3.340E+00 3.437E-03 

ODOT-O HCFP) 
(BTU/FT2-SEC) (BTU/F'T2-SEC-R) 
4.94~E+00 3.605E-03 
3.573E+00 3.605E-03 
4.48 B'E+OO 3.60~E-03 
3.448F~+OO 3.605E-03 
4.113E+00 3.605E-03 
4.512F.+00 3.605E-03 
2.630E+00 3.605E:-03 

6-1·IAR-81 
14:11:~2 
5-MAR-81 

1:20:35 
V41C-26 

,; 
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AkVIN/CALS~AN FI~LD S~HVIC~S, INC. 
AEI)C DIY rSlON 
VON KARMAN GAS DYNAMICS FACILITX 
ARNOLD AIM YOMC~ S7ATION, T~NN£SSEE 
NASA/MMC ET TPS D~bUND TEST 

PAGE 1 

.... > .... -,.~~ •• ,-............. ~ ........ ..:. .. ....<~ • .,.~---.... .........:..-~- ... --.-".----. 

\ 
IWN SAMPLE ALPHI WA CM TIMEIN,] TIMI:;CL TIMEEXP'X 

DJ:.G DEG IN SEC ~OUR MIN SEC MSEC S!i.C 
8 030- ~ -2.0~ 14.05 25.00 2.932 2 1!! 20 483 32.2!) 

M PT 
PSIA 

10.10 1747.73 

PIC NU. 

1 
2 
3 
4 
5 
6 

7 
1:1 
!I 

10 
11 

12 
13 
14 
15 

_ 4~ __ 

TT T P (,I 'V RHO MU 
D!':G R DEG R PSIA I'SIA F'l'/SEC L8M/F'T3 LllF-s~C/FT2 

1902.7 93.7 3. 780~-02 2.70 4791.6 1.0&9E-03 7.5411:;-08 

TIME TIM!::EXP 
S!::C SEC 

SHADOw GRAPH TAKI:;N AT 2.5 SECOl'<DS. 
4.1b :l.5:l 
b.~O 4.56 
1:1.25 b.61 

lu.30 8.b6 
12.30 10.71 
14.3!l 12.73 

SHADOwGkAPH TAKEN AT 12.8 Sl::CONDS. 
10.44 14.7~ 

HI.47 16.1:103 
20.:'>3 a.Hll 
22.t:>9 20.94 
24.64 23.0U 

SHADowGRAPH TAKEN AT 23.1 SECUNDS. 
26.69 2:'.04 
2~.73 27.U8 
o3O.711 29.13 
32.1>4 31.19 

32.25 MODl::L HAS LEFT CENT~RLINE 

b. Photograph Data' 

sample 1. Concluded 

RE 
FT-1 

2.150E+06 

ITT 
BTU/liBM 

4.790E+02 

DAT~ CUMPUTED 5-MAH-8l 
TIME COMPUT~D 02:18:~2 

DATE RECORD~D ~-MAH-61 
TIM~ MECORU~U 2:1~: 1 
P!WJEC"? NUM8ER' 1/41C-<e 

" 


